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Abstract: A female congenic rat produced by repeated backcrossing of Nihon rats, a model for hereditary renal cell carcinoma, to 
Brown Norway rats was necropsied at 24 months of age. At necropsy, a white mass about 1 centimeter in size was observed in the 
thoracic cavity, and the mass partly adhered to the esophagus and the diaphragm. Histologically, the mass was clearly circumscribed 
by connective tissue, and consisted of neoplastic cuboidal epithelial cells that showed cystic tubular proliferation. Some islands of 
well-differentiated hepatocytes and some vessels were observed in the mass. Immunohistochemically, the tumor cells were strongly 
positive for cytokeratin and partly positive for vimentin but were negative for mesothelin and Von Willebrand Factor. The positive rate 
for Ki-67 was 2.4%. Based on these histological and immunohistochemical evidences, we diagnosed this tumor as a cystic cholangioma 
that might have arisen from the ectopic hepatic tissue in the thoracic cavity. (DOI: 10.1293/tox.25.41; J Toxicol Pathol 2012; 25: 41–44)
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Cholangioma is a rare benign tumor of control rodents 
and is divided into two types: simple and cystic1–3. In gen-
eral, cystic cholangioma is a uniform tumor that is well-
circumscribed and expansile, often compressing adjacent 
parenchyma. The gross appearance of this tumor varies 
from firm, grey-white nodules to lesions with a spongy tex-
ture. Histologically, cystic cholangioma forms unilocular or 
multilocular cysts lined by single-layered flat or cuboidal 
epithelia. Recently, we encountered a case of a cystic chol-
angioma in the thoracic cavity of a rat. The tumor in this 
case was considered to have arisen from the ectopic hepatic 
tissue in the thoracic cavity. In this paper, we describe the 
histological and immunohistochemical features of this rare 
case.
A female congenic rat was produced by repeated back-
crossing of Nihon rats, a model for hereditary renal cell car-
cinoma3, to Brown Norway rats and was maintained in a 
barrier facility until 24 months of age. The procedures for 
animal care and housing followed accredited in-house ani-
mal welfare principles. At 24 months of age, the animal was 
euthanized by exsanguination under sodium pentobarbital 
anesthesia and necropsied. At necropsy, a white mass about 
1 centimeter in size was observed in the thoracic cavity, and 
the mass partly adhered to the esophagus and the diaphragm 
(Fig. 1). No abnormality was observed in the lungs and the 
heart. In the abdominal cavity, a part of the liver adhered to 
the diaphragm, and the membrane in the adhesive area was 
markedly thickened. After necropsy, all organs including 
the white mass were fixed in neutral buffered 10% forma-
lin. The white mass, the esophagus, the diaphragm and the 
liver were embedded in paraffin wax, sectioned at 3 microns 
and stained with hematoxylin and eosin (HE). For immuno-
histochemical examination, the sections of the white mass 
were subjected to a labeled polymer method using Histo-
fine Simple Stain Rat MAX-PO (MULTI) (Nichirei Biosci-
ences Inc., Tokyo, Japan) for antibodies against cytokeratin 
(N1590, predilution, Dako, Carpinteria, CA, USA), CK20 
(N1627, predilution Dako), vimentin (N1521, predilution, 
Dako), albumin (A0001, 1:500, Dako), mesothelin (28001, 
1:250, IBL, Gunma, Japan), Von Willebrand Factor (N1505, 
1:500, Dako) and Ki-67 (M7248, 1:75, Dako), then the sec-
tions were counterstained with hematoxylin. The percent-
age of Ki-67-positive tumor cells in 10 high-power fields 
was calculated.
Histologically, the white mass was clearly circum-
scribed by connective tissue (Fig. 2A) and consisted of neo-
plastic cuboidal or flattened epithelial cells that showed cys-
tic tubular proliferation (Fig. 2B). The tumor cells showed 
low-grade atypia, and mitotic figures were rare. Some is-
lands of well-differentiated hepatocyte-like cells and some 
vessels were observed in the mass (Fig. 2C). A portal triad 
was not observed in the islands. In the adhesion area be-
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Fig. 1.  Gross features of the white mass after fixation in neutral buffered 10% formalin. A: The costal surface of the lungs. 
B: The internal surface of the lungs. C: After removal of the lungs. Red, blue and green dotted lines encircle the white 
mass, the diaphragm and the esophagus respectively. The white mass adhered to the esophagus and the diaphragm.
Fig. 2.  Histological findings of the white mass. The mass was clearly circumscribed by connective tissue (A), and the neoplas-
tic cells showed cystic tubular proliferation (B). Some islands of well-differentiated hepatocyte-like cells were observed 
in the mass (C). In the adhesion area between the liver and the diaphragm, the component cells were very similar to the 
tumor cells in the mass (D). HE stain.Michimae, Okimoto, Toyosawa et al. 43
tween the liver and the diaphragm, the component cells 
were very similar to the tumor cells in the mass (Fig. 2D), 
but a connection between the tumor and the liver was not 
detected. Any other significant histological findings were 
not observed in the esophagus, the diaphragm and the other 
areas of the liver. Immunohistochemically, the tumor cells 
were strongly positive for cytokeratin (Fig. 3A) and CK20 
(Fig. 3B) and partly positive for vimentin (Fig. 3C, 3D) but 
were negative for albumin, mesothelin and Von Willbrand 
Factor. The percentage of Ki-67-positive tumor cells was 
2.4% (Fig. 3E). The hepatocyte-like cells were positive for 
albumin (Fig. 3F) but were negative for cytokeratin and 
CK20. Based on these histological and immunohistochemi-
cal evidences, we diagnosed the white mass as a cystic chol-
angioma.
For the following reasons, the present case is consid-
ered to be appreciably rare. First, cystic cholangioma is a 
rare tumor of control rodents1,2,4. Second, the cholangioma 
in the present case was observed in the thoracic cavity de-
spite the fact that cholangioma generally is considered to 
arise at or adjacent to the liver1,2,4. In the present case, though 
the histological features of the adhesive area between the 
Fig. 3.  Immunohistochemical findings of the white mass. The tumor cells were strongly positive for cytokeratin (A) and 
CK20 (B), partly positive for vimentin (C: positive area, D: negative area) and slightly positive for Ki-67 (E: Ar-
rows indicate the positive cells.). The hepatocyte-like cells were positive for albumin (F).Cystic Cholangioma in a Rat 44
liver and the diaphragm were very similar to those of the 
tumor, an obvious connection between the tumor and the 
liver could not be confirmed. On the other hand, the his-
tological features of the tumor and the result of anti-Ki-67 
immunostaining indicated that the behavior of the tumor 
was clearly benign. So, we judged this tumor as a benign 
tumor and considered that the features in the adhesive area 
were not invasion or metastasis. Additionally, we suspected 
that the cause of the ectopic hepatic tissue in the thoracic 
cavity of the animal might have been a diaphragmatic her-
nia and that this tumor might have arisen from the ectopic 
hepatic tissue. Diaphragmatic hernia is generally caused by 
a birth defect or a traumatic accident. In the present case, 
the diaphragmatic hernia was considered to be a congenital 
lesion because no unexpected accidents in life and no gross 
findings indicating trauma were observed. In humans, some 
cases of tumorigenesis from ectopic hepatic tissue caused 
by diaphragmatic hernia have been reported, for example, 
hepatocellular adenoma5, hemangioepithelioma6 and ham-
artoma7. On the other hand, to our knowledge, no similar 
cases in rats have been reported previously.
As a differential diagnosis for our case, a hepatic ham-
artoma was considered. In the case report of a human case 
of hepatic hamartoma7, the tissue consisted of bile duct-like 
structures, islands of well-differentiated hepatocytes and fi-
brous stroma. These components could all be seen together 
in the mass, and it was possible to find areas in which the 
hepatocytes could be seen in continuity with the bile duct 
structures. On the other hand, in our case, the majority of 
the mass was proliferative cuboidal or flattened epithelial 
cells, and the islands of hepatocyte-like cells were sporadi-
cally observed at margins of the mass. Furthermore, conti-
nuity between the hepatocyte-like cells and the tumor cells 
could not be observed at all. Therefore, we excluded the pos-
sibility of a hepatic hamartoma.
Immunohistochemically, the tumor cells in the present 
case coexpressed cytokeratin and vimentin. In general, vi-
mentin is known to be a specific marker for mesenchymal 
cells. Some types of tumors such as carcinosarcoma, me-
sothelioma, mixed tumors of the salivary gland, müllerian 
tumor, teratoma and Wilms tumor have been known to co-
express cytokeratin and vimentin8, but cholangioma has not 
been reported. Additionally, the malignancy of the tumor in 
the present case was considered not to be so high based on 
the results of the pathological examination. So, the reason 
for the positive expression of vimentin in the present case 
remains to be identified. On the other hand, Nakanuma et al. 
reported that vimentin was frequently positive in epithelial 
cells of proliferating bile ductules and interlobular bile ducts 
in various hepatobiliary diseases9. Furthermore, Milani et al. 
reported that vimentin expression was observed in epithelial 
cells of newly formed bile ductules in a rat model of second-
ary biliary fibrosis and also in normal rats10. These reports 
proposed that expression of vimentin might be related to 
proliferative or regenerative activity of bile duct epithelial 
cells.
In conclusion, the present case was diagnosed as a 
cystic cholangioma based on histological and immunohisto-
chemical findings. To our knowledge, a cystic cholangioma 
in the thoracic cavity in a rat has never been reported, and 
the present case is considered to be appreciably rare.
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